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INTRODUCTION

Underthis grant we have carried out a number of studies on several different topics. We

have presented the results to the scientific community at many different meetings and documented

them in scientific journal publications. We have also discussed the preliminary results in some

detail in our progress reports. We therefore limit the discussion below to a summary of important

accomplishments. The last sections are listings of the publications and presentations resulting

from the research supported in whole or part by this grant.

Among the significant accomplishments were the completions of UAH Ph.D.

dissertations by Drs. David Brown, Chi Wing Ho, Joyce Lin, and Xinbo Zhang, each carrying

out research partially supported under this grant. The Ph. D. degrees were all conferred in

December, 1993. Titles of the dissertations were:

David Brown - A Generalized SemiKinetic (GSK) Model for Mesoscale Auroral Plasma

Transport

Chi Wing Ho - The High-Altitude Polar Wind: Simulation and Observation

Joyce Lin - Equatorial Heating Effects on Outer Plasmasphere Evolution

Xinbo Zhang - Ray Tracing Study of Magneto6pheric ULF Wave Propagation

More than 14 papers have resulted from the research leading to these dissertations, as well as

many presentations to national and international scientific meetings.

SCIENTIFIC INVESTIGATIONS

Generalized SemiKinetic (GSK) Model

In one of several studies under this topic, we compared the H+/electron polar wind

expansion into near-vacuum and the evolution of density perturbations, in the form of altitude-

localized density cavities and enhancements, for the hydrodynamic and semi-kinetic models. In

general, we have found that there is significantly less tendency to form shocks and steep gradients

in the semikinetic model than in the hydrodynamic model; owing to ion velocity dispersion, such

steep gradients tend to dissipate in the semikinetic description. We also found increasing

divergence between the two approaches generally as higher moments are considered; in particular,

the parallel temperatures often deviate significantly. The general subject of hydrodynamic versus

semi-kinetic modeling results is of significant interest currently, and we believe this work will be

of substantial importance. It has been found, for the types of outflow situations considered, that

the inclusion &heat flow has a major effect in bringing to closer agreement the parallel

temperature profiles for the hydrodynamic and semikinetic models



Anotherinterestingsemikineticstudywhichwe completedconcernssteady-stateprofiles
of polarwind densitiesmatchedwith theDE-1 totaldensityprofile ofPersoonet al. In thisstudy,
weuseddensitiesanddrift velocitiesfrom low-altitude(2000-4000 km) polar wind observations

of Chandler et al. as exobase O+/H + parameter inputs for our semikinetic simulation. We found

that if the combination of assumed base ion and electron temperatures is around 14,000 K (e.g.,

Te=9000 K, T i = 5000 K), the resulting polar wind steady-state density profile is dominated by

O + to beyond 8 RE, and that we obtain a virtually perfect match with the power law profile n e =

490 r-3-85 cm -3 observed in electron densities by Persoon et al.

We also completed development of a dynamic semikinetic model for examining the

synergistic effects of waves and magnetospheric hot plasma populations on outflowing

ionospheric plasma. This was done by imposing hot bi-Maxwetlian ion and electron distributions

at the top of our auroral sinmlation flux tube(4 RE), as well as a spectrum of waves with altitude

which perpendicularly heat the ionospheric ions. For example, when the hot ions are more

strongly peaked at ct = 90 ° than the hot electrons, a positive potential develops at the top

boundary, hence downward electric fields. We then assumed a distribution of electric field wave

power spectra along the magnetic field lines which produced ion perpendicular velocity diffusion,

and allowed the ionospheric plasma to flow in From the bottom. With the perpendicularly-peaked

hot ions producing a downward electric field, H + was energized to about 120 eV. We also saw a

population of large downward fluxes of-50 km/s H + which were trapped between the downward

electric field above and the heating and upward mirror force region below. This situation thus

represents a partially self-consistent dynamic model for the "pressure cooker" concept for

energizing conics.

0 + Outflows

A systematic study of the effects of E _ B convection heating on O + upflows in the high

latitude F-region ionosphere was carried out. Simulation cases were performed for both solar

minimum and solar maximum atmospheres for values of the convection electric field ranging

between 50 and 200 mV/m. Results of this study were compared with similar studies done with

hydrodynamic and generalized transport models and important differences were noted. These

study results were also compared with radar and satellite data, and good agreement was found
with some of the data

We completed a study of the quasi-statistical properties of outflowing 0 +, through bulk

parameter analysis of DE-1/RIMS observations when DE-1 was in the midaltitude polar cap

magnetosphere. We employed a technique which relies on analysis of the DE-I radial head RPA

data near the magnetic field direction for obtaining the 0 + bulk parameters of density,

temperature and flow velocity from these measurements. We analyzed thirteen passes and tested

our technique with reasonably good confidence in the derived parameters.



A studyexaminingthecentrifugalaccelerationeffectsonthe polar wind wasalso
completed. It wasshownthatfor anexactlypolar field line,theoutwardion accelerationis given
by

a= 1.5(Ei/Bi)2(1/ri3)r2

Wefoundthat for a 50mV/mionosphericconvectionelectricfield, the steady-stateO+ bulk
velocitiesincreasefrom near0 km/sat 4000kmaltitudeto about 10km/sat 5 RE geocentric,
which is in reasonableagreementwith previousobservationsof largeO+ outflow velocities. The
centrifugalforcefurtherhasa pronouncedeffecton theescapingO+ flux, especiallyfor cool
exobaseconditions.

Field-Aligned Flows and Trapped Ion Distributions

We completed a statistical study of the latitudinal distributions of core plasmas along the

L=4.6 field line using DE-l/RIMS data. We studied those orbits for which the spacecraft was

approximately skimming this L-shell, and for which the low-energy ions were trapped

distributions at the equator and counterstreaming off the equator. We analyzed approximately 40

such orbits, and characterized parameters such as the ratio of equatorial-trapped to 45 ° flux or

equatorial anisotropy, the latitudinal half-width of the anisotropy, the transition latitude where

ions exhibit significant anisotropy, the penetration ratio of field-aligned fluxes in the vicinity of

the equator to outside the transition, and the latitudinal scale length of the trapped ion flux

variations near the transition latitude. Various types of occurrence frequency relationships have

been deduced. Perhaps the most interesting result is that we find an inverse relationship between

the equatorial anisotropy and the penetration ratio. This is understood as the result of enhanced

positive electrostatic potential associated with increased ion equatorial anisotropy producing a

reduced equatorial penetration of the field-aligned ions.

We also carried out a study ofsemikinetic modeling of the effects of equatorial heating

and electrostatic hemispheric decoupling on early L = 4 core plasma evolution. In this study, we

considered asymmetrical northern/southern hemispheric ionospheric flows and incorporated a

generalized transport description for the electron population, which allowed for consideration of

electron heating effects and a more realistic calculation of electric fields produced by ion and

electron temperature anisotropies. The combination of equatorially-concentrated perpendicular

ion heating and parallel electron heating led to an electrostatic potential peak about the magnetic

equator which tended to shield and decouple ion flows in the northern and southern hemispheres.

Unequal ionospheric upflows in the northern and southern hemispheres led to development of

distinctly asymmetric densities and other bulk parameters. Termination of particle heating caused

the reduction of equatorial potential and allowed interhemispheric coupling. When the inflows

from the ionospheres were reduced (as may occur after sunset), decreases in plasma density near

the ionospheric regions were observed, while the heated trapped ion population at the equator

persisted.



ULF Wave Ray-Tracing

Another study which was completed was the examination of the effects of heavy ions on

the propagation of ULF waves in the dayside magnetosphere. We had previously seen the effects

of O + on Pc3 fast mode waves, due to the cutoff between the He + and O + gyroresonances. The

same effect was found for Pc l waves due to the H+-He + cutoff. The difference is that the O +

concentration is much more variable than the He + with solar and geomagnetic conditions.

Interestingly, it was found that for a given frequency, if the O + concentrations were raised

sufficiently high, the location of the O + barrier is pushed beyond the magnetopause. In that case,

Pc3 waves, which are thought to originate at the magnetopause, would then have greater access

to the inner magnetosphere. Observations by the AMPTE CCE satellite indicate that the O +

concentrations required for this to happen, while not typical, are not really uncommon. If this is

the case, then to the extent that solar and geomagnetic conditions modulate the O + concentration

throughout the magnetosphere, energy transpoFt by means of ULF waves may likewise be
modulated.

The effects of heavy ions (O + and He +) seen in the propagation of Pcl,2 and Pc3 fast
mode waves were also seen in Alfven mode waves. Since these waves are constrained to travel

along magnetic field lines, deeper penetration toward the Earth also means propagation to higher

latitudes. In addition, the different nature of the waves makes interpretation of the wave

propagation more complex.

Plasmasphere-Ionosphere Coupling

A short study was carried out on heating processes in low density flux tubes in the outer

plasmasphere. The purpose was to determine whether the high ion temperatures observed in

these flux tubes were due to heat sources operating through the thermal electrons or directly to

the ions. In the case study we performed, results clearly indicated that only direct ion heating was

capable of producing the observed ion temperatures. However, consequences of this heating

included ion temperatures at low altitudes which far exceeded observations, as well as ion

composition at high altitudes with concentrations of heavy ions (particularly O +) which also

greatly exceeded observed levels. We suggested that these effects might be due to too much heat

being conducted to low altitudes, due to the very high thermal conductivity under the low-density,

high-temperature conditions being simulated.

To test this we then carried out an initial study of thermal conductivity in a low density

plasma flux tubes. In this study we proposed that when ion mean free paths extended from the

location of interest to or beyond the ionosphere, only those particles in the loss cone would be

effective transporters of heat out of the plasmasphere, since other particles would be trapped and

retain the heat within the plasmasphere. We derived a simple mathematical model to represent

this situation and applied it in place of the standard Spitzer-Harm thermal conductivity coefficient.

Heat conduction was significantly reduced, so that less heat was required in the simulations to

raise ion temperatures at high altitudes to observed levels, simulated temperatures at low altitudes



werelower, andsimulatedconcentrationsof O" at highaltitudeswerereducedto levelsmuch
closerto thoseobserved.

ANALYSIS TECHNIQUES AND SOFTWARE DEVELOPMENT

Empirical Model

DE1/RIMS automated data analysis procedures for the empirical model had been basically

completed in prior work In collaboration with NASA scientists in the empirical model group, we

carried out a systematic analysis of experimental uncertainties and error propagation through the

automated analysis procedure. We also examined temperature differences between the RIMS end

heads and concluded that systematic differences between the temperatures determined by the

different heads are a larger source of uncertainty than those associated with scatter in the data.

The magnitude of these differences vary with plasma conditions in ways that are not yet

predictable and, hence, cannot be rectified with assurance. Final changes were made to the

automatic processing methods and data output formats. Large scale testing was carried out, and

was found satisfactory for comprehensive analysis of the RIMS data set.

The completed automated processing code was used to process RIMS data from 1981 to

1984, and we began examining the resulting data base. One significant result is that on average

the heavy ions (O +) are basically in thermal equilibrium with the light ions (H + and He+). In

looking at the available data, we find that for low solar activity (F10.7 < 120) there are very few

observations at low L-shells (<2). Those that do exist appear to show signs of detector

degradation, i.e. temperatures are unrealistically high and densities are unrealistically low. Mean

values for medium and high solar activity appear to be consistent with one another and with

expectations from previous observations, although large standard deviations indicate wide

variations. Initial analysis has been incorporated into the empirical total plasma density model.

HARDWARE

We participated extensively with NASA scientists in testing, modifying, assembling and

calibrating the flight hardware for the Thermal Electron Capped Hemisphere Spectrometer

(TECHS) experiment. This instrument was successfully flown on the Sounding of the Cleft Ion

Fountain Energization Region (SCIFER) rocket flight on January 25, 1995, from the Andoya

Rocket Range, Norway and the instrument performance was outstanding, according to the PI (C.

J. Pollock).



Publications

,

.

.

.

Adrian, Mark L., Status Report Covering Pursonal Research for Summer 1994 under

University Course PH 795-01, University of Alabama in Huntsville, August, 1994.

Brown, D, G, A generalized semikinetic IGSI,I)model for mesoscale auroral plasma

transport, Ph.D. Dissertation, The Univer.sHv of A lctbama in Huntsville, 1993.

Brown, D. G., J. L. Honvitz, and G R. Wilson, Generalized SemiKinetic (GSK) modeling of

auroral conic production due to the Currem-Driven-lon-Cyclotron-Instability (CDICI),

submitted to ,I. Geophys. Res., 1995.

Brown, D. G., J. L. Horwitz, and G. R Wilson, Synergistic effects of hot plasma-driven

potentials and wave-driven ion heating on ra_roral ionospheric plasma transport, J Geophys.

Res., in press, 1994.

, Brown, D. G., P. G. Richards, G. R. Wilson, J L. Horwitz, and C. W. Ho, Effects of

precipitating auroral electrons on ionospheric plasma transport: A dynamic semikinetic model,

AGU monograph on Cross-scale CoHI)liH 2 HI @)ace Plasmas, in press, ed. J. L. Horwitz, N.

Singh, and J. L. Burch, 1995.

6. Comfort, R. H., and P. DI Craven, Modification of thermal conductivity for outer

plasmasphere, low density flux tubes, (;eophys. Res. Lelt., 22, 2457, 1995.

. Comfort, R. H., Problems in simulating ion temperatures in low density flux tubes, AGU

monograph on Cross-._'cale Coupliplg iH St)ctce Phrsmas, , ed. J. L. Horwitz, N. Singh, and J.

L. Burch, p. 155-160, 1995.

8. Comfort, R. H., Thermal structure of the p!asmasphere, Adv. Space Res.,17, (10)175, 1996.

, Craven, P D., R. H Comfort, P. G. Richards, and J. Grebowsky, Comparisons of modeled

N +, O +, It +, and He + in the mid-latitude ionosphere with mean densities and temperatures

from Atmospheric Explorer, J. Geophys. lees., 100, 257, 1995.

10. Gallagher, D. L., P. D. Craven, R. H. Comfort, and T. E. Moore, On the azimuthal variation

of the equatorial plasmapause, Jr. Geophy.s. ICes., 100, 23597, 1995.

11. Garner, T. W., P. G. Richards, and R. H. Comtbrt, Anomalous nighttime electron temperature

events over Millstone Hill, J. Geophys. ]¢e.s., 99, 11411, 1994.

12. Giles, B. L., C. R. Chappell, T. E. Moore, I_. [t Comfort, and J. H. Waite, Jr., Statistical

survey of pitch angle distributions in core (0-50 eV) ions from Dynamics Explorer 1: Outflow

in the auroral zone, polar cap, and cusp, .]. (;e()/)/_vs. Res., 99, 17483, 1994.



13.Ho, C. W., J. L. Horwitz, andT. E. Moore,DE1observationsofO + streambulk parameters
andcomparisonwith a modelof thecentrifugally-acceleratedpolarwind,Geophys. Res. Lett.,

21, 2459, 1994.

14. Ho, C. W., and J. L. Horwitz, Warm O + polar wind and the DE-1 polar cap electron density

profile, Geophys. Res. Left., 20, 1715, 1993.

15. Ho, C. W., J. L. Horwitz, and T. E. Moore, Observations and simulations of centrifugally-

accelerated polar O+ outflows, Proceedings of the Second Iuternational Conference on

Substorms, ed. J. R. Kan, J. D. Craven and S.-I. Akasofu, 577, 1995.

16. Ho, C. W., J. L. Horwitz, G. R. Wilson, and D. G. Brown, Field-aligned transport of

ionospheric O + ions from 200 km to 1 RE due to ExB convection heating and centrifugal

acceleration: A generalized SemiKinetic (GSK) treatment, AGU monograph on Cross-scale

Coupling in Space Pkzsmas, in press, ed J. L. Horwitz, N. Singh, and J. L. Burch, 1995.

17. Ho, C. W., J. L. Horwitz, N. Singh, and G. R. Wilson, Comparison of generalized transport

and semikinetic models: Prediction for evolution of a density enhancement in the polar wind;

in Physics of Space Plasmas (1992), ed. T. Chang and J. R. Jasperse, vol. 12, 535-539,

Scientific Publishers, Inc., Cambridge, MA, 1994.

18. Ho, C. W., J. L. Horwitz, N. Singh, and G. R. Wilson, Plasma expansion and evolution of

density perturbations in the polar wind: comparison of semikinetic transport models, J.

Geophys. Res., 98, 13581, 1993.

19. Ho, C. W., The high-altitude polar wind: simulation and observation, Ph.D. Dissertation, The

University of Alabama m Huntsville, 1993.

20. Horwitz, J. L., and Moore, T. E., Summary report on the Third Huntsville Workshop on

Sources, Transport, Engergization and Loss of Magnetospheric Plasmas, EOS Trans. Amer.

Geophys. Union, 74, 356, 1993.

21. Horwitz, J. L., C W. Ho, H. D. Scarbro, G. R. Wilson, and T. E. Moore, Centrifugal

acceleration of the polar wind, J. Geophys. Res., 99, 15051, 1994.

22. Horwitz, J. L., G. R. Wilson, and N. Singh, Core plasma behavior on L = 4-7 flux tubes: A

starting point for understanding magnetosphere-ionosphere coupling, in Physics of Space

Plasmas (1992), ed. T. Chang and J. R. Jasperse, vol. 12, 403-426, Scientific Publishers, Inc.,

Cambridge, MA, 1994.

23. Horwitz, J. L., G. R. Wilson, J. Lin, D. G. Brown, and C. W. Ho, Plasma transport in the

ionosphere-magnetosphere system using semikinetic models, in Rarefied Gas Dynamics:



ExperimentalTechniquesandPhysical Systems, ed. B. D. Shizgal and D. P. Weaver, vol.

158, 500-511, AIAA, Washington, DC, 1994.

24. Horwitz, J. L., G. R. Wilson, J. Lin, D. G. Brown, and C. W Ho, Plasma transport in the

ionosphere-magnetosphere system using semikinetic models, Proceedings of the 18th

Rarefied Gas Dynamics _S)'mposmm, in press, 1994.

25. Horwitz, J. L., Multiscale processes in ionospheric outflows, submitted for Physics of Space

Plasmas, Cambridge, MA, 1995.

26. Horwitz, J. L., N. Singh, and J. L. Butch (editors), "Cross-Scale Coupling Processes in Space

Plasmas", American Geophysical Union Monograph, Washington, D. C., 1995.

27. Horwitz, J. L., The ionosphere's wild ride in outer space, Rev. Geophys., Suppl., 703, 1995.

28. Lee, J., J. L. Horwitz, G. R Wilson, J. Lin, and D. G. Brown, GSK simulation of warm ion

thermalization on inner magnetospheric flux tubes, submitted for Physics of Space Plasmas,

Cambridge, MA, 1995.

29. Lee, J., J. L. Horwitz, G. R. Wilson, J. Lin, and D. G. Brown, On the interaction of cold

ionospheric plasma inflows with the preexisting equatorial warm plasmas on inner

magnetospheric flux tubes: warm plasma thermalization and effects of varying ionospheric

inflow speeds, AGU monograph on Cross-scale Coupling m Space Plasmas', ed. J. L.

Horwitz, N. Singh, and J. L. Burch, in press, 1995.

30. Lin, Equatorial heating effects on outer plasmasphere evolution, Ph.D. Dissertation, The

University of Alabama in Huntsville, 1993.

31. Lin, J., J. L. Horwitz, G. R. Wilson, and D. G. Brown, Equatorial heating and hemispheric

decoupling effects on early inner magnetosphere core plasma evolution, ,Z Geophys. Res., 99,

5727, 1994.

32. Lin, J., J. L. Horwitz, G. R. Wilson, and D. G. Brown, Hemispheric decoupling in

plasmasphere refilling by equatorial ion and electron heating, in Physics of Space Plasmas

(1992), ed. T. Chang and J. R. Jasperse, vol. 12, 569, Scientific Publishers, Inc., Cambridge,

MA, 1994.

33. Lin., J., J. L. Horwitz, D. L. Gallagher, and C. J. Pollock, Streaming/trapped ion interface in

the equatorial inner magnetosphere, submitted to J. Geophys. Res., 1995.

34. Liu, C. and J. L. Horwitz, Dipolarization effects on ion distributions on closed field lines, to

be submitted to J Geophys. Res., 1995.

35. Liu, C. and J. L. Horwitz, Formation of low-energy trapped and field-aligned ion populations

during substorm dipolarization events, submitted to J Geophys. Res., 1995.



36. Liu, C., and J. L. Horwitz, Simulation of ionospheric outflows driven by substorm

dipolarization events, to be submitted to Geophys. Res. Lelt.,, 1995.

37. Liu, C., J. L. Horwitz, and P. G. Richards, Effects of convection ion heating and soil-electron

precipitation on high-latitude F-region upflows, Geophys. Res. Lelt., in press, 1995.

38. Ober, D., J. L. Horwitz, and D. L. Gallagher, Convection effects on global plasmasphere

evolution, submitted for Physics oJSpace Plasmas, Cambridge, MA, 1995.

39. Singh, N., G. R. Wilson, and J. L. Horwitz, Comparison of hydrodynamic and semikinetic

models for plasma flow along closed field lines, or. Geophys. Res., 99, 11495, 1994.

40. Su, Y.-J., L. H. Lyu, and J. L. Horwitz, The evolution of nonlinear compressed AlDen wave

trains, submitted for Physics of Space Plasmas, Cambridge, MA, 1995.

41. Wilson, G. R. , B. L. Giles, and M. O. Chandler, Collisional to collisionless ion outflow at the

ionosphere-magnetosphere interface, Adv. Space Res., in press, 1995.

42. Wilson, G. R., Electrostatic charging of ring dust clouds, Adv. Space Res., 13, (10)65-(10)74,
1993.

43. Wilson, G. R., J. L. Horwitz, and J. Lin, Semikinetic modeling of plasma flow on outer

plasmaspheric field lines, Adv. Space Res., 13, 107, 1993.

44. Wilson, G. R., J, L. Horwitz, C. W. Ho, and D. Brown, Time-dependent semikinetic (hybrid)

modeling ofmesoscale plasma transport, submitted to J. Comp. Phys., 1995.

45. Wilson, G. R., Kinetic modeling of O + upflows resulting from E x B convection heating in the

high-latitude F-region ionosphere, or. Geophys. Res., 99, 17453, 1994.

46. Wilson, G. R., The development of non-Maxwellian velocity distributions as a consequence of

nonlocal Coulomb collisions, in Cross-Scale CoupOng m Space Plasmas, AGU Monograph,

ed. J. L. Horwitz, N. Singh, and J. L. Burch, in press, 1995.

47. Zhang, X., R. H. Comfort, D. L. Gallagher, J. L. Green, Z. E. Musielak, and T. E. Moore,

Magnetospheric filter effect for Pc 3 AlDen mode waves, ,I. Geophys. Res., 100, 9585, 1995.

48. Zhang, X., R. H. Comfort, Z. E. Musielak, T. E. Moore, D. L. Gallagher, and J. L. Green,

Propagation characteristics of Pc3 compressional waves generated at the dayside

magnetopause, J. Geophys. Res., 98, 15403, 1993.

49. Zhang, X., Ray tracing study ofmagnetospheric ULF wave propagation, Ph.D. Dissertation,

The Univer_vty of Alabama in Hunt.n,ille, 1993.

l0



°

,

,

.

,

.

,

.

°

Presentations

Brown, D. G., J. L. Horwitz, and G. R. Wilson, Modeling of auroral plasma transport, EOS

Trans. Am. Geophys. Union, 74, 531, 1993; presented to the Fall Meeting of the American

Geophysical Union, San Francisco, CA December 6-10, 1993.

Brown, D. G, P. G. Richards, G. R. Wilson, J. L. Horwitz, and C. W. Ho, Effects of

precipitating auroral electrons on ionospheric plasma transport: A dynamic semikinetic model,

presented to the Workshop on Coupling of Micro and Mesoscale Processes in Space Plasma

Transport, Guntersville, AL, October, 1994.

Caton, R., J. L. Horwitz, C. Liu, and P. G. Richards, Effects of convection ion heating and

soft-electron precipitation on high-latitude F-region upflows, presented at CEDAR meeting,

Boulder, Co., 1995.

Comfort, R. H., and P. D. Craven, A modified thermal conductivity for low density flux tubes,

EOS, 75, 547, 1994; presented to the Fall Meeting of the American Geophysical Union, San

Francisco, CA, December 5-9, 1994.

Comfort, R. H., and U. Samir, Statistical analysis of ion depletion in a satellite wake,

presented to the 70th Annual Meeting of the Alabama Academy of Science, Huntsville, AL,

March 24-27, 1993.

Comfort, R. H., P. D. Craven, D. L. Gallagher, and C. R. Chappell, Changes in thermal ion

properties across steep plasmapauses, EOS, 74, 253, 1993; presented to the Spring Meeting

of the American Geophysical Union, Baltimore, MD May 24-28, 1993.

Comfort, R. H., P. D. Craven, D. L. Gallagher, R. L. West, and C. R. Chappell, The relation

of satellite potential to ambient plasma density from observations by the GEOS-2 and DE-1

Spacecratt, presented to the Fifth Workshop on the Physics of Dusty Plasmas, Huntsville, AL,

March 22-24, 1993.

Comfort, R. H., P. G. Richards, and P. D. Craven, Inner magnetosphere ion thermal

conductivity modified for low densities, presented to Symposium GA2.14/G3.04 Inner

Magnetosphere." Ring Current, Radiation Belts, and Plasmasphere, International Union of

Geodesy and Geophysics, XXI General Assembly, Boulder, CO, USA, July 2-14, 1995.

Comfort, R. H., P. G. Richards, P. D. Craven, M. O. Chandler, Problems with thermal

conductivity in Simulating ion temperatures in low density flux tubes, Invited Poster,

presented to the Workshop on Coupling of Micro- and Macroscale Processes in Space Plasma

Transport, Guntersville, AL, October 16-19, 1994.

11



10. Comfort, R. H., Thermal structure of'the plasmasphere, invited paper, presented to

Symposium C 1.3 Processes Active at the Ionosphere-Magnetosphere Interface, 30th

COSPAR Scientific Assembly, Hamburg, Germany, 11-21 July, 1994.

11. Frey, M. A., C. E. Rasmussen, D L. Carpenter, J. L. Horwitz, N. C. Maynard, M. Smiddy, R.

W. Spiro, J. R. Wygant, R. D. Zwikl, and J. C. Joselyn, A study of the evolution of

plasmaspheric structures during a magnetic storm, presented to the Workshop on Coupling of

Micro- and Macroscale Processes in Space Plasma Transport, Guntersville, AL, October 16-

19, 1994.

12. Frey, M. A., C. E. Rasmussen, D. L. Carpenter, J. L. Horwitz, M. Smiddy, and R. W. Spiro,

Plasmasphere evolution during a magnetic storm: Global simulation and CRRES observations,

EOS Trans. Am. Geophys. Union, 74, 510, 1993; presented to the Fall Meeting of the

American Geophysical Union, San Francisco, CA December 6-10, 1993.

13. Gallagher, D. L., P. D. Craven, and R. H. Comfort, An empirically derived time-dependent

plasmasphere, EOS, 75, 258, 1994; presented to the Spring Meeting of the American

Geophysical Union, Baltimore, MD, May 23-27, 1994.

14. Gallagher, D. L., P. D. Craven, and R. H. Comfort, Modeling of the Earth's Plasmasphere,

presented to Symposium GA 3.13 Modeling and Theory for Mission Design and data

hlterpretatiotl, International Union of Geodesy and Geophysics, XXI General Assembly,

Boulder, CO, USA, July 2-14, 1995.

15. Gallagher, D. L., P. D. Craven, R. H. Comfort, An empirically derived time-dependent

plasmasphere, presented to the Workshop on Coupling of Micro- and Macroscale Processes

in Space Plasma Transport, Guntersville, AL, October 16-19, 1994.

16. Gallagher, D. L., P. D. Craven, R. H. Comfort, J. L. Green, and S. F. Fung, Remote

observations of the Earth's plasmasphere, presented to Symposium GA3.14 Magnetospheric

models and their critical evaluation, International Union of Geodesy and Geophysics, XXI

General Assembly, Boulder, CO, USA, July 2-14, 1995.

17. Garner, T. W., R. H. Comfort, and P. G. Richards, Ionospheric anomalous heating events

over Millstone Hill: a statistical study, presented to the 70th Annual Meeting of the Alabama

Academy of Science, Huntsville, AL, March 24-27, 1993.

18. Garner, T., R. H. Comfort, and P. G. Richards, Anomalous nighttime electron temperature

events over Millstone Hill, EOS, 74, 23 I, 1993; presented to the Spring Meeting of the

American Geophysical Union, Baltimore, MD May 24-28, 1993.

19. Giles, B. L., T. E. Moore, and R. H. Comfort, The ionosphere as an alpha particle source,

EOS, 75, 306, 1994; presented to the Spring Meeting of the American Geophysical Union,

Baltimore, MD, May 23-27, 1994.

12



20. Gristina, D., and G. R. Wilson, O+ velocity distributions resulting from wave-particle

interactions in the topside ionosphere, EOS, 75, 573, 1994; presented to the Fall Meeting of

the American Geophysical Union, San Francisco, CA, December 5-9,1994.

21. Ho, C. W., J. L. Horwitz, and G. R. Wilson, Effects on high-latitude ionospheric ion upflows

due to ExB frictional heating and centrifugal acceleration, EOS, 75, 573, 1994; presented to

the Fall Meeting of the American Geophysical Union, San Francisco, CA, December 5-

9,1994.

22. Ho, C. W., J. L. Horwitz, G. R. Wilson, and D. G. Brown, Field-aligned transport of

ionospheric O + ions from 200 km to 1 RE due to ExB convection heating and centrifugal

acceleration: A generalized SemiKinetic (GSK) treatment, presented to the Workshop on

Coupling of Micro and Mesoscale Processes in Space Plasma Transport, Guntersviile, AL,

October, 1994.

23. Ho, C. W., J. L. Horwitz, H. D. Scarbro, G. R. Wilson, and T. E. Moore, Centrifugal

acceleration of plasma outflow in the polar magnetosphere, EOS ]'rans. Am. Geophys. Union,

74, 455, 1993; presented to the Fall Meeting of the American Geophysical Union, San

Francisco, CA December 6-10, 1993.

24. Ho, C. W., J. L. Horwitz, M. Loranc, and T. E. Moore, Characterization of core O ÷ density,

flow velocity and temperature in the 3-5 R E polar cap, EOS, 74, p. 259, 1993; presented to

the Spring Meeting of the American Geophysical Union, Baltimore, MD May 24-28, 1993.

25. Horwitz, J. L., C. Liu, and P. G. Richards, Effects of convection ion heating and soil-electron

precipitation on high-latitude F-region upflows, 120S, 76, $265, 1995; presented to the Spring

Meeting of the American Geophysical Union, Baltimore, MD, May 30-June 2,1995.

26. Horwitz, J. L., G. R. Wilson, D. G. Brown, C. W. Ho, and P. G. Richards, Generalized

SemiKinetic (GSK) simulation of the response of the ionosphere-magnetosphere transition

region to auroral electron precipitation, EOS, 75, 298, 1994; presented to the Spring Meeting

of the American Geophysical Union, Baltimore, MD, May 23-27, 1994.

27. Horwitz, J. L., G. R. Wilson, D. G. Brown, J. Lin, and C. W. Ho, Generalized SemiKinetic

(GSK) models for space plasma transport, EOS, 74, 253, 1993; presented to the Spring

Meeting of the American Geophysical Union, Baltimore, MD May 24-28, 1993.

28. Horwitz, J. L., G R. Wilson, J. Lin, D. G. Brown, and C. WHo, Generalized SemiKinetic

(GSK) transport modeling: Science highlights, EOS ?)'ans. Am. Geophys. Union, 74, 455,

1993; presented to the Fall Meeting of the American Geophysical Union, San Francisco, CA

December 6-10, 1993.

13



29. Johnson, L., M. Herrmann, G. R. Wilson, The Inner Magnetosphere Imager Mission: A new

window on the plasma universe, EOS, 75, 258, 1994; presented to the Spring Meeting of the

American Geophysical Union, Baltimore, MD, May 23-27, 1994.

30. Lee, J., J. L. Horwitz, G. R. Wilson, J. Lin, and D. G. Brown, On the interaction of cold

ionospheric plasma inflows with the preexisting equatorial warm plasmas on inner

magnetospheric flux tubes: warm plasma thermalization and effects of varying ionospheric

inflow speeds, presented to the Workshop on Coupling of Micro and Mesoscale Processes in

Space Plasma Transport, Guntersville, AL, October, 1994.

31. Lee, J., J. L. Horwitz, J. Lin, D. G. Brown, and G. R. Wilson, Generalized SemiKinetic

(GSK) simulation of the effects of preexisting hot plasma on plasmasphere refilling processes,

EOS, 75, 306, 1994; presented to the Spring Meeting of the American Geophysical Union,

Baltimore, MD, May 23-27, 1994.

32. Lin., J., J. L. Horwitz, R. C. Olsen, C. J. Pollock, and D. L. Gallagher. Streaming/trapped ion

interface in the equatorial inner magnetosphere, EOS, 74, 258, 1993; presented to the Spring

Meeting of the American Geophysical Union, Baltirnore, ME) May 24-28, 1993.

33. Liu, C. and J. L. Horwitz, Formation of low-energy trapped and field-aligned ion populations

during substorm dipolarization events, EOS, 76, $262, 1995; presented to the Spring Meeting

of the American Geophysical Union, Baltimore, MD, May 30-June 2,1995.

34. Ober, D., J. L. Horwitz, and D. L. Gallagher, Global plasmasphere evolution during a

subauroral ion driIl (SAID) event, EOS, 76, $243, 1995; presented to the Spring Meeting of

the American Geophysical Union, Baltimore, MD, May 30-June 2,1995.

35. Richards, P. G., R. H. Comfort, and D. G. Torr, Simulation of nighttime electron temperature

enhancements over Millstone Hill, presented to Symposium GA2.14/G3.04 hmer

Magnetosphere: Ring Current, Radiation Belts, and Plasmasphere, International Union of

Geodesy and Geophysics, XX! General Assembly, Boulder, CO, USA, July 2-14, 1995.

36. Richards, P. G., R. H. Comfort, and D. G. Tort, Simulation of nighttime electron temperature

enhancements over Millstone Hill, EOS, 76, $243, 1995; presented to the Spring Meeting of

the American Geophysical Union, Baltimore, MD, May 30-June 2,1995.

37. Wilson, G R. The generation ofO + upflowing velocity distributions via ExB convection in

the transition region, EOS, 74, 253, 1993; presented to the Spring Meeting of the American

Geophysical Union, Baltimore, MD May 24-28, 1993.

38. Wilson, G. R., B. L. Giles, and M. O. Chandler, Collisional to collisionless ion outflow at the

ionosphere-magnetosphere interface, presented to Symposium Cl.3 Processes Active at the

Ionosphere-Magnetosphere Interface, 30th COSPAR Scientific Assembly, Hamburg,

Germany, 11-21 July, 1994.

14



39. Wilson, G. R., M. O. Chandler The polar wind acceleration region: Generalized SemiKinetic

(GSK) simulation and data comparison, EOS, 75, 307, 1994; presented to the Spring Meeting

of the American Geophysical Union, Baltimore, MD, May 23-27, 1994.

40. Wilson, G. R., The consequences of collisions (Coulomb and otherwise) for space plasma

transport, presented to the Workshop on Coupling of Micro- and Macroscale Processes in

Space Plasma Transport, Guntersville, AL, October 16-19, 1994.

L5


